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Abstract 
When we are faced with environmental issues at a global level, such as global warming and pollution, the interest in use of 
renewable energy and environmental control method which conserve energy as much as possible has further increased. In this 
research, we investigate energy saving and thermal comfort about M Building which is built in Mombetsu city, Hokkaido, Japan. 
This building installs radiant heating and cooling system that utilizes geothermal heat. Based on the investigation, the aims are to 
examine the optimum operating method, and to seek the realization of further energy saving. 
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1. Introduction 
 
We've been facing global-scale environmental issues such as global warming, and pollution in recent years. These 
have raised concern for energy conservation and the use of renewable energy to a yet higher level, and the 
development of related technology and promotion of its application are urgent matters. Geothermal heat has been 
attracting attention as a stable heat source because it remains at a roughly constant temperature throughout the year.    
Particularly in cold regions where the underground temperature is low, a free cooling is possible for the summer 
season. Radiant cooling by high temperature cooling water is also possible, and a quantitative evaluation of that 
 
 
* Corresponding author. Tel.: +81-11-706-6251. 
E-mail address: oga76@eis.hokudai.ac.jp 
Available online at www.sciencedirect.com
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL
 Masaharu Ogasawara et al. /  Energy Procedia  78 ( 2015 )  2268 – 2273 2269
effect is important. The work reported here is to evaluate the environmental performance of a radiant heating and 
cooling system that utilizes geothermal heat source and improve energy efficiency and thermal comfort about small-
scale building. 
 
2. Building Overview 
 
The building used in this study is a bank branch in the city of Monbetsu, Hokkaido (Table 1 and Fig. 1). This 
evaluation involves only the waiting room for which the radiant heating and cooling system was installed. On the 
primary side of the system, the cooling load is handled by free cooling (FC), and when the cooling is insufficient, 
operation is switched to the heat pump (HP) as shown in Table 2. On the secondary side, the air conditioning is 
provided by floor heating and cooling, radiator panels (referred to as Partition) that produce a cooling effect by 
descending air flow, and radiator panels that handle the load from the east and south sides (referred to as Perimeter) 
as shown in Table 3 and Fig. 2. The operation time of air conditioning is from 5:00 to 19:00. During business hours, 
solar radiation is controlled manually with window shade, etc. (Fig. 3). 

  
 
 
  
 
 
Item Data
Building Name MBuilding
Location
Mombetsu city, 
 Hokkaido, Japan
Type Bank
Completion 20144
StructureScale W+RC2 levels
Site/ Total floor area1,584/ 1,141[m2]
Mode Operating condition㻌 Equipment㻌 Spec㻌
Free Cooling
(FC) Default Heat source water pump
Input 1.5>kW] 
Flow rate 210 [L/min] 
Operating Heat Pump
(HP) 
Geothermal inlet water  
temperature exceed 17 [°C]
or  
Situation at 100 [%] gate 
opening for more than 10 
minutes on the Partition or 
Perimeter  
Heat source water pump Input 1.5 [kW] Flow rate 250 [L/min] 
Water source heat pump chiller 
Input 29.3 [kW] 
Cooling capacity 79.9 [kW] 
Heating capacity 64.0 [kW] 
Input 0.4 [kW] 
Flow rate 184 [L/min] 
Buffer tank Tank capacity 500 [L] 
Primary side heating and cooling 
water pump
( )
Radiant air  
conditioning units Control system 㻌 Set point Equipment Spec
Floor heating  
and cooling
Water is supplied when 
floor surface temperature 
exceed set point. 
The water temperature is 
controlled constantly by 
three way valve.
15 [°C] 
 Heating and cooling 
water pump
(Floor heating and 
cooling)
Input 0.75 [kW] 
Flow rate 68 [L/min] 
Radiator panels
Partition 
Perimeter
Calculated by room 
radiant temperature in 
the range of 20-23 [°C]
Heating and cooling 
water pump 
(Partition)
Input 0.4 [kW] 
Flow rate 36 [L/min] 
Heating and cooling 
water pump 
(Perimeter)
Input 0.25 [kW] 
Flow rate 46 [L/min] 
Water is supplied  when 
room air temperature 
exceed set point.  
The water temperature is 
controlled constantly by 
three way valve.
Table 1. Building Data 
Fig. 1. Equipment flow diagram 
Table 2. Primary side equipment system data 
Table 3. Secondary side equipment system data (cooling operation) 
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3. Data analysis 
 
To evaluate a radiant cooling system that utilizes geothermal heat, we analyzed BEMS data and measurement 
data for a period of eight months. 
3.1 Evaluation of the primary side of the system 
3.1.1 Evaluation of System Coefficient of Performance 
For this cool climate in which the outside air temperature can vary by about 20 [°C], the FC operating ratio was 
about 50 [%] even in summer. The FC operating ratio was affected by the outside temperature for the most part 
although there were some other factors, for example, solar radiation or ventilation frequency (Fig. 4). We calculated 
the System Coefficient of Performance (SCOP) for the period as a measure of efficiency. The calculation formula of 
SCOP is as below. 
 
 ൌ
ܣ݉݋ݑ݊ݐ݋݂݄݁ܽݐݎ݁݉݋ݒ݈ܽሾܯܬሿ
ܧ݈݁ܿݐݎ݅ܿ݌݋ݓ݁ݎܿ݋݊ݏݑ݉݌ݐ݅݋݊݋݂݄݁ܽݐݏ݋ݑݎܿ݁݄݉ܽܿ݅݊݁ܽ݊݀݌ݑ݉݌ሾܯܬሿ
 
 
 Although there were differences from day to day, the trend was roughly the same for FC and HP operation (Fig. 
5). The amount of heat removal per unit of floor area was 5.2 [MJ/m2·day].  
  
  
 
 
3.1.2 Relation of amount of heat removal to SCOP  
In FC operation, the SCOP value increases with the amount of heat removal and reaches 8.5 in the range from 40 
to 50 [MJ/30min] (Fig. 6). The reason for that result is that the heating and cooling water pump on the secondary 
side runs from 5:00 to 19:00, so the power consumption is constant regardless of the amount of heat removal. On the 
other hand, when the amount of heat removal is 10 [MJ/30min], the FC operating time is longest and the SCOP 
becomes higher for FC than for HP at 16 [MJ/30 min]. To improve operation so that at least a certain amount of heat 
is removed by FC, it is therefore important to increase the SCOP by averting low-load operation. 
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Fig. 2. Position of radiant air conditioning units Fig. 3. Each of schedules
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Fig. 4. Transition of operating ratio Fig. 5. Transition of SCOP and amount of heat removal
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3.2 Evaluation of the secondary side of the system 
3.2.1 Evaluation of WTF  
We calculated the Water Transportation Factor (WTF) for the radiant air conditioning units installed in the 
building (Fig. 7), however the data that the cooling water bypassed the radiant air conditioning units was excluded. 
The calculation formula of WTF is as below.  
 
	 ൌ
ܣ݉݋ݑ݊ݐ݋݂݄݁ܽݐݎ݁݉݋ݒ݈ܽሾܯܬሿ
ܧ݈݁ܿݐݎ݅ܿ݌݋ݓ݁ݎܿ݋݊ݏݑ݉݌ݐ݅݋݊݋݂݌ݑ݉݌ሾܯܬሿ
 
 
WTF was higher for the radiator panels than for the floor cooling, and was over 20 for the Partition. The amount 
of heat removal was highest for the floor cooling by handling the base load for either FC or HP with the floor 
cooling. And the radiator panels operated in high WTF when the load became high. 
 
  
 
3.2.2 Evaluation of indoor thermal comfort 
To evaluate indoor thermal comfort during business contact hours, we obtained the Predicted Mean Vote (PMV) 
(Fig. 8). The assumed values were 1.2 [met] for the metabolic rate, 0.5 [clo] for the amount of clothing, and 0.1 
[m/s] for the wind speed. About 20% of the PMV values were above +0.5 and the room temperature was often close 
to 26 [°C] during HP operation. The PMV and room temperature exhibited the same correlation for both FC and HP, 
so the type of radiant air conditioning units that is handling the load is considered to have little effect on the PMV. 
Looking at the horizontal temperature distribution for the hottest day (August 4), we see that the room temperature 
fluctuated on the southern perimeter due to solar radiation, but the overall dispersion was slight and it was possible 
to achieve a uniform temperature environment (Fig. 9). 
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Fig. 6. Relation of amount of heat removal to SCOP 
Fig. 7. WTF of radiant air conditioning units
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3.3 Calculation of estimated SCOP due to improvement in operation 
To further improve the SCOP and reduce the amount of energy consumption, we examined a method to improve 
operation and evaluated its effect. 
3.3.1 Method 
The data for amount of heat removal for each hour of the day shows that low-load FC operation is mostly 
distributed in the period after early-morning handling of the accumulated thermal load (7:00 to 9:00) and in the early 
evening period after business contact hours (16:00 to 19:00), as shown in Fig. 10. It is therefore possible to avert 
low-load operation by turning off the air conditioning after 16:00, when the waiting room is no longer being used, 
and turning the air conditioning back on at a later time the next morning. By doing so, we can expect to increase the 
SCOP by increasing the accumulated thermal load in the morning and thus reduce energy consumption by 
shortening the air conditioning operation time. In the next section, we estimate the SCOP by changing the air 
conditioning operation time, assuming the conditions listed below. 
A) The load that was to be handled during the time when air conditioning operation is stopped is carried over to the 
time when operation is restarted. 
B) The carried-over load is handled in the time between the restarting of the air conditioning and the beginning of 
business contact hours. There is no change in the radiant air conditioning units used between floor cooling and 
radiator panels. 
C) The threshold value for switching over from FC to HP operation is referenced to the amount of heat removal by 
FC in the month of August. The load is handled by HP only in the case that the threshold value has been exceeded. 
 
3.3.2 Results 
Taking the maximum value of the amount of heat removal by floor cooling and by radiator panels as the threshold 
for switching from FC to HP operation, we used that value to estimate the optimum time for starting the air 
conditioning operation for the purpose of reducing power consumption (Fig. 11 and Fig. 12). Applying the result 
(6:00) improved system operation and raised the SCOP value for both FC and HP operation and confirmed that an 
entire system increase of 0.7 can be expected (Fig. 13).  
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3.4 Evaluation of primary energy consumption per unit of floor area 
We use the data collected for the period from May through October to calculate the primary energy consumption 
per unit of floor area for before and after reconstruction (Fig. 14, Table 4). Comparing after reconstruction with 
before reconstruction revealed a reduction of 1.8 [MJ/m2·month]. However, it is necessary to evaluate these things 
including future improvements in operation and an analysis for the coming winter. 
 
 
 
 
4. Summary 
The results of the environmental performance evaluation of a radiant heating and cooling system that utilizes a 
geothermal heat source and was installed in a small-scale building are summarized below. 
1) Taking advantage of the cold climate, the system operated in FC for about 50% of the time, even in summer. 
However, the SCOP was lower for FC than for HP when the system was operating under low-load. 
2) We evaluated the characteristics of the radiant air conditioning units in terms of WTF, PMV, and horizontal 
temperature distribution. 
3) We examined a method to improve operation and evaluated its effect. Improvement in operation can be expected 
to raise the SCOP value for both FC and HP operation and confirmed that an entire system increase by 0.7.
4) We calculated the primary energy consumption per unit of floor area and compared the results with before 
reconstruction.  
The analysis reported here concerns only the summer season, but we will evaluate system sustainability with a 
long-term perspective based on analysis that includes the winter and moderate seasons in future work. 
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